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Appendix 1:
Figure 4.1.1A: The mean annual cycle of sea surface temperatures [°C] for MPIOM run 253, 
HAMSOM 201, NEMO-Nordic run 477, BSH observations and KNSC over the time period 
1986-1999. The means are representing averages over the North Sea area.                                    93
Figure 4.1.2A: Difference of the mean annual cycle of sea surface temperatures between KNSC 
for the time period 1986-1999 and modelled data [°C]: MPIOM run 253, HAMSOM 201, 
NEMO-Nordic run 477, BSH observations. The means are representing averages over the
North Sea area.                                                                                                                                      94
Figure 4.1.3A: The mean annual cycle of sea surface temperatures [°C] for NEMO-Nordic run 
477, KNSC, BSH observations, BHC, NCEP and ERA40 over the time period 1971 till 2000. The 
means are representing averages over the North Sea area.                                                              95
Figure 4.1.4A: Difference of the mean annual cycle of the sea surface temperatures between 
KNSC for the time period 1971-2000 and modelled data in [°C]: NEMO-Nordic run 477, BSH 
observations, BHC, NCEP, ERA40. The means are representing averages over the North Sea 
area.                                                                                                                                                         96
Figure 4.1.5A: The mean annual cycle of bottom temperatures [°C]: MPIOM run 253 1986-1999, 
HAMSOM run 201 1986-1999, NEMO-Nordic run 477 1986-1999, NEMO-Nordic run 477 1971-
2000, BHC 1971-2000. The means are representing averages over the North Sea area                 97 
Figure 4.1.6A: Difference of the mean annual cycle of the bottom temperatures between BHC 
1971-2000 and modelled data [°C]: MPIOM run 253 1986-1999, HAMSOM run 201 1986-1999, 
NEMO run 477 1986-1999, NEMO-Nordic run 477 1971-2000. The means are representing aver-
ages over the North Sea area.                                                                                                               98
Figure 4.2.1A: The mean annual cycle of sea surface salinity [psu] for MPIOM run 253,
HAMSOM 201, NEMO-Nordic run 477 and KNSC over the time period 1986-1999. The
means are representing averages over the North Sea area.                                                               99
Figure 4.2.2A: Difference of the mean annual cycle of sea surface salinity [psu] between KNSC 
for the time period 1986-1999 and modelled data: MPIOM run 253, HAMSOM 201, and
NEMO-Nordic run 477. The means are representing averages over the North Sea area.           100
Figure 4.2.3A: The mean annual cycle of sea surface salinity [psu] for NEMO-Nordic run 477, 
KNSC, BHC over the time period 1971 till 2000. The means are representing averages over the 
North Sea area.                                                                                                                                    101
Figure 4.2.4A: Difference of the mean annual cycle of the sea surface salinity [psu] between 
KNSC for the time period 1971-2000 and modelled data: NEMO-Nordic run 477 and BHC. The 
means are representing averages over the North Sea area.                                                             102
Figure 4.2.5A: The mean annual cycle of bottom salinity [psu] for MPIOM run 253 1986-1999,
HAMSOM 1986-1999, NEMO-Nordic run 477 1986-1999, NEMO-Nordic run 477 1971-2000,
and BHC. The means are representing averages over the North Sea area.                                   103
Figure 4.2.6A: Difference of the mean annual cycle of the sea surface salinity [psu] between BHC 
for the time period 1971-2000 and modelled data: MPIOM run 253 1986-1999, HAMSOM 1986-
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1999, NEMO-Nordic run 477 1986-1999, NEMO-Nordic run 477 1971-2000. The means are rep-
resenting averages over the North Sea area.                                                                                     104 
Figure 4.3.1A: Seasonal and annual means of sea surface temperature [°C] from BHC and 
KNSC for the period 1971-2000 and their differences (lower row).                                               105 
Figure 4.3.2A: Seasonal and annual means of sea surface salinity [psu] from BHC and KNSC 
for the period 1971-2000 and their differences (lower row).                                                           106 
Figure 4.3.3A: Seasonal and annual means of sea surface temperature [°C] averaged over the 
period 1986-1999: MPIOM (run 253), HAMSOM (run 201) and NEMO-Nordic (run 477).      107 
Figure 4.3.4A: Differences of modelled seasonal and annual means of sea surface temperature 
[°C] averaged over the period 1986-1999 to the KNSC: MPIOM (run 253), HAMSOM (run 201) 
and NEMO-Nordic (run 477).                                                                                                            108 
Figure 4.3.5A: Differences of modelled seasonal and annual means of sea surface temperature 
[°C] averaged over the period 1986-1999 to the BHC (1971-2000): MPIOM (run 253),  
HAMSOM (run 201) and NEMO-Nordic (run 477).                                                                       109 
Figure 4.3.6A: Seasonal and annual means of sea surface salinity [psu] averaged over the period 
1986-1999. The mean sea surface salinity results from MPIOM (run 253), from HAMSOM (run 
201) and from NEMO-Nordic (run 477).                                                                                          110 
Figure 4.3.7A: Differences of modelled seasonal and annual means of sea surface salinity [psu] 
averaged over the period 1986-1999 to the KNSC: MPIOM (run 253), HAMSOM (run 201) and 
NEMO-Nordic (run 477).                                                                                                                   111 
Figure 4.3.8A: Differences of modelled seasonal and annual means of sea surface salinity [psu] 
(1986-1999) to the BHC (1971-2000): MPIOM (run 253), HAMSOM (run 201) and from NEMO-
Nordic (run 477).                                                                                                                                 112 
Figure 4.3.9A: Seasonal and annual means of sea surface temperature [°C] averaged over the 
period 1986-1999. Mean sea surface temperature results from MPIOM (run 253), from the 
KNSC and difference between model results and KNSC.                                                               113 
Figure 4.3.10A: Seasonal and annual means of sea surface temperature [°C]. Mean sea surface 
temperature results from MPIOM (run 253) averaged over the period 1986-1999, mean surface 
temperature from the BHC averaged over the period 1971-2000 and the difference between 
model results and climatology.                                                                                                           114 
Figure 4.3.11A: Seasonal and annual means of sea surface temperature [°C] averaged over the 
period 1986-1999: HAMSOM (run 201), KNSC and difference between the model results and 
climatology.                                                                                                                                          115 
Figure 4.3.12A: Seasonal and annual means of sea surface temperature [°C]. Mean sea surface 
temperature results from HAMSOM (run 201) averaged over the period 1986-1999, mean sur-
face temperature from the BHC averaged over the period 1971-2000 and difference between  
the model results and climatology.                                                                                                     116 
Figure 4.3.13A: Seasonal and annual means of sea surface temperature [°C] averaged over the 
period 1986-1999: NEMO-Nordic (run 477), KNSC, and difference between the model results 
and climatology.                                                                                                                                   117 
Figure 4.3.14A: Seasonal and annual means of sea surface temperature [°C] averaged over the 
period 1971-2000: NEMO-Nordic (run 477), BHC, and difference between the model results and 
climatology.                                                                                                                                          118 
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Figure 4.3.15A: Seasonal and annual means of sea surface salinity [psu] averaged over the 
 period 1986-1999: MPIOM (run 253), KNSC, and difference between the model results and 
climatology.                                                                                                                                          119 
Figure 4.3.16A: Seasonal and annual means of sea surface salinity [psu]: MPIOM (run 253) av-
eraged over the period 1986-1999, BHC averaged over the period 1971-2000, and difference be-
tween the model results and climatology.                                                                                          120 
Figure 4.3.17A: Seasonal and annual means of sea surface salinity [psu] averaged over the 
period 1986-1999: HAMSOM (run 201), KNSC, and difference between the model results and 
climatology.                                                                                                                                          121 
Figure 4.3.18A: Seasonal and annual means of sea surface salinity [psu]: HAMSOM (run 201) 
averaged over the period 1986-1999, BHC averaged over the period 1971-2000 and difference 
between the model results and climatology.                                                                                      122 
Figure 4.3.19A: Seasonal and annual means of sea surface salinity [psu] averaged over the 
period 1986-1999: NEMO-Nordic (run 477), KNSC, and difference between the model results 
and climatology.                                                                                                                                   123 
Figure 4.3.20A: Seasonal and annual means of sea surface salinity [psu] averaged over the 
period 1971-2000: NEMO-Nordic (run 477), BHC, difference between the model results and 
climatology.                                                                                                                                          124 
Figure 4.3.21A: Seasonal and annual means of bottom temperature [°C] averaged over the peri-
od 1986-1999: MPIOM (run 253), HAMSOM (run 201), and NEMO-Nordic (run 477) over the 
time period 1970-1999.                                                                                                                        125 
Figure 4.3.22A: Differences of modelled seasonal and annual means of bottom temperature [°C] 
averaged over the period 1986-1999 to the BHC (1971-2000): MPIOM (run 253), HAMSOM (run 
201), and NEMO-Nordic (run 477) over the time period 1970-1999.                                             126 
Figure 4.3.23A: Seasonal and annual means of bottom salinity [psu] averaged over the period 
1986-1999: MPIOM (run 253), HAMSOM (run 201), and NEMO-Nordic (run 477) over the time 
period 1970-1999.                                                                                                                                 127 
Figure 4.3.24A: Differences of modelled seasonal and annual means of bottom salinity [psu] 
averaged over the period 1986-1999 to the BHC (1971-2000): MPIOM (run 253), HAMSOM 
(run 201), and NEMO-Nordic (run 477) over the time period 1970-1999.                                    128 
Figure 4.3.25A: Seasonal and annual means of bottom temperature [°C]: MPIOM (run 253) 
averaged over the period 1986-1999, BHC averaged over the period 1971-2000, and difference 
between the model results and climatology.                                                                                      129 
Figure 4.3.26A: Seasonal and annual means of bottom temperature [°C]: HAMSOM (run 201) 
averaged over the period 1986-1999, BHC averaged over the period 1971-2000, and difference 
between the model results and climatology.                                                                                      130 
Figure 4.3.27A: Seasonal and annual means of bottom temperature [°C] averaged over the peri-
od 1971-2000: NEMO-Nordic (run 477), BHC, and difference between the model results and 
climatology.                                                                                                                                          131 
Figure 4.3.28A: Seasonal and annual means of bottom salinity [psu]: MPIOM (run 253) aver-
aged over the period 1986-1999, BHC averaged over the period 1971-2000, and difference be-
tween the model results and the climatology.                                                                                   132 
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Figure 4.3.29A: Seasonal and annual means of bottom salinity [psu]: HAMSOM (run 201) aver-
aged over the period 1986-1999, BHC averaged over the period 1971-2000, and difference be-
tween the model results and the climatology.                                                                                   133 
Figure 4.3.30A: Seasonal and annual means of bottom salinity [psu] averaged over the period 
1971-2000: NEMO-Nordic (run 477), BHC, and difference between the model results and the 
climatology.                                                                                                                                          134 
Figure 4.4.1A: The mean February temperature [°C] from the KNSC for the time period 1986-
1999 is presented for transect along 56 °N left and along 58 °N (right). Bottom: The mean Febru-
ary salinity [psu] from the KNSC for the time period 1986-1999 is presented for transect along 
56 °N (left) and along 58 °N (right). Figure 4.4.3 will present transect along 58 °N to a depth of 
400 m.                                                                                                                                                    135 
Figure 4.4.2A: The mean August temperature [°C] from the KNSC for the time period 1986-
1999 is presented for transect along 5 6°N left and along 58 °N (right). Bottom: The mean August 
salinity [psu] from the KNSC for the time period 1986-1999 is presented for transect along 56 °N 
(left) and along 58 °N (right).                                                                                                             136 
Figure 4.4.3A: The mean February temperature [°C] from the KNSC for the time period 1986-
1999 is presented for transect along 56 °N left and along 58 °N depth to 400 m (right). Bottom: 
The mean February salinity [psu] from the KNSC for the time period 1986-1999 is presented for 
transect along 56 °N (left) and along 58 °N depth to 400 m (right).                                               137 
Figure 4.4.4A: The mean August temperature [°C] from the KNSC for the time period 1986-
1999 is presented for transect along 56 °N left and along 58 °N depth to 400 m (right). Bottom: 
The mean August salinity [psu] from the KNSC for the time period 1986-1999 is presented for 
transect along 56 °N (left) and along 58 °N depth to 400 m (right).                                               138 
Figure 4.4.5A: The mean February temperature [°C] for the time period 1986-1999 is presented 
for transect along 56 °N. Mean simulated temperature by MPIOM, HAMSOM and NEMO-
Nordic  is presented on the left hand side and on the right hand side the difference between 
each model result and the temperature from the KNSC.                                                                139 
Figure 4.4.6A: The mean February salinity [psu] for the time period 1986-1999 is presented for 
transect along 56 °N. Mean simulated salinity by MPIOM, HAMSOM and NEMO-Nordic is 
presented on the left hand side and on the right hand side the difference between each model 
result and the temperature from the KNSC.                                                                                    140 
Figure 4.4.7A: The mean August temperature [°C] for the time period 1986-1999 is presented for 
transect along 56 °N. Mean simulated temperature by MPIOM, HAMSOM and NEMO-Nordic 
is presented on the left hand side and on the right hand side the difference between each model 
result and the temperature from the KNSC.                                                                                    141 
Figure 4.4.8A: The mean August salinity [psu] for the time period 1986-1999 is presented for 
transect along 56 °N. Mean simulated salinity by MPIOM, HAMSOM and NEMO-Nordic is 
presented on the left hand side and on the right hand side the difference between each model 
result and the temperature from the KNSC.                                                                                    142 
Figure 4.4.9A: The mean February temperature [°C] for the time period 1986-1999 is presented 
for transect along 58 °N. Mean simulated temperature by MPIOM, HAMSOM and NEMO-
Nordic is presented on the left hand side and on the right hand side the difference between 
each model result and the temperature from the KNSC. Figure 4.4.13 will present transect 
along 58 °N to a depth of 400 m.                                                                                                        143 
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Figure 4.4.10A: The mean February salinity [psu] for the time period 1986-1999 is presented for 
transect along 5 8°N. Mean simulated salinity by MPIOM, HAMSOM and NEMO-Nordic is 
presented on the left hand side and on the right hand side the difference between each model 
result and the temperature from the KNSC.                                                                                    144 
Figure 4.4.11A: The mean August temperature [°C] for the time period 1986-1999 is presented 
for transect along 58 °N. Mean simulated temperature by MPIOM, HAMSOM and NEMO-
Nordic is presented on the left hand side and on the right hand side the difference between 
each model result and the temperature from the KNSC.                                                                145 
Figure 4.4.12A: The mean August salinity [psu] for the time period 1986-1999 is presented for 
transect along 58 °N. Mean simulated salinity by MPIOM, HAMSOM and NEMO-Nordic is 
presented on the left hand side and on the right hand side the difference between each model 
result and the temperature from the KNSC.                                                                                    146 
Figure 4.4.13A: The mean February temperature [°C] for the time period 1986-1999 is presented 
for transect along 58 °N. Mean simulated temperature by MPIOM, HAMSOM and NEMO-
Nordic is presented on the left hand side and on the right hand side the difference between each 
model result and the temperature from the KNSC.                                                                         147 
Figure 4.4.14A: The mean February salinity [psu] for the time period 1986-1999 is presented for 
transect along 58 °N. Mean simulated salinity by MPIOM, HAMSOM and NEMO-Nordic is 
presented on the left hand side and on the right hand side the difference between each model 
result and the temperature from the KNSC.                                                                                    148 
Figure 4.4.15A: The mean August temperature [°C] for the time period 1986-1999 is presented 
for transect along 58 °N. Mean simulated temperature by MPIOM, HAMSOM and NEMO-
Nordic is presented on the left hand side and on the right hand side the difference between each 
model result and the temperature from the KNSC.                                                                         149 
Figure 4.4.16A: The mean August salinity [psu] for the time period 1986-1999 is presented for 
transect along 58 °N. Mean simulated salinity by MPIOM, HAMSOM and NEMO-Nordic is 
presented on the left hand side and on the right hand side the difference between each model 
result and the temperature from the KNSC.                                                                                    150 
Appendix 2: 
Figure 5.1.1A: Seasonal and annual means of sea surface temperature [°C] for MPIOM run 215 
(A1B scenario run). The upper row shows averages for the period 1970-1999, the middle row for 
2021-2050 and the lower row for 2070-2099.                                                                                    152 
Figure 5.1.2A: Comparison of seasonal and annual means of sea surface temperature [°C] for 
MPIOM run 215 for the base period 1970-1999 with climatological means from the BHC. The 
upper row shows average model distributions, the middle row observed climatological means 
and the lower row the differences between the two data sets.                                                         153 
Figure 5.1.3A: Comparison of seasonal and annual means of sea surface temperature [°C] for 
MPIOM run 215 for the base period 1970-1999 with climatological means from the KNSC. The 
upper row shows average model distributions, the middle row observed climatological means 
and the lower row the differences between the two data sets.                                                         154 
Figure 5.1.4A: Seasonal and annual means of bottom temperature [°C] for MPIOM run 215 
(A1B scenario run). The upper row shows averages for the period 1970-1999, the middle row for 
2021-2050 and the lower row for 2070-2099.                                                                                    155 
Figure 5.1.5A: Comparison of seasonal and annual means of bottom temperature [°C] for MPI-
OM run 215 for the base period 1970-1999 with BHC means. The upper row shows average 
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model distributions, the middle row observed climatological means and the lower row the differ-
ences between the two data sets.                                                                                                         156 
Figure 5.1.6A: Comparison of seasonal and annual means of bottom temperature [°C] for MPI-
OM run 215 for the base period 1970-1999 with KNSC means. The upper row shows average 
model distributions, the middle row observed climatological means and the lower row the differ-
ences between the two data sets.                                                                                                         157 
Figure 5.1.7A: Changes in seasonal and annual sea surface temperature [°C] for MPIOM run 
215 (A1B scenario run). Upper panel from (1970-1999) to (2021-2050) and lower panel from 
(1970-1999) to (2070-2099).                                                                                                                 158 
Figure 5.1.8A: Changes in seasonal and annual bottom temperature [°C] for MPIOM run 215 
(A1B scenario run). Upper panel from (1970-1999) to (2021-2050) and lower panel from (1970-
1999) to (2070-2099).                                                                                                                           159 
Figure 5.1.9A: Time series of seasonal and annual means of sea surface temperature [°C] for 
MPIOM run 215 (A1B scenario run) from 1920-2099. The temperatures represent averages over 
the North Sea area given in Figure 4.1.                                                                                             160 
Figure 5.1.10A: The mean annual cycle of sea surface temperatures [°C] for MPIOM run 215 
(A1B scenario run) for 1970-1999, 2021-2050 and 2070-2099. The means are representing  
averages over the North Sea area given in Figure 4.1. The error bars are indicating time 
variability.                                                                                                                                            161 
Figure 5.1.11A: Time series of seasonal and annual means of bottom temperature [°C] for MPI-
OM run 215 (A1B scenario run) from 1920-2099. The temperatures represent averages over the 
North Sea area given in Figure 4.1.                                                                                                    162 
Figure 5.1.12A: The mean annual cycle of bottom temperatures [°C] for MPIOM run 215 (A1B 
scenariorun ) 1970-1999, 2021-2050 and 2070-2099. The means are representing averages over 
the North Sea area given in Figure 4.1. The error bars are indicating time variability.              163 
Figure 5.1.13A:  Seasonal and annual means of sea surface salinity [psu] for MPIOM run 215 
(A1B scenario run). The upper row shows averages for the period 1970-1999, the middle row for 
2021-2050 and the lower row for 2070-2099.                                                                                    164 
Figure 5.1.14A: Comparison of seasonal and annual means of sea surface salinity [psu] for MPI-
OM run 215 for the base period 1970-1999 with BHC means. The upper row shows average 
model distributions, the middle row observed climatological means and the lower row the differ-
ences between the two data sets.                                                                                                         165 
Figure 5.1.15A: Comparison of seasonal and annual means of sea surface salinity [psu] for MPI-
OM run 215 for the base period 1970-1999 with KNSC means. The upper row shows average 
model distributions, the middle row observed climatological means and the lower row the differ-
ences between the two data sets.                                                                                                         166 
Figure 5.1.16A: Seasonal and annual means of bottom salinity [psu] for MPIOM run 215 (A1B 
scenario run). The upper row shows averages for the period 1970-1999, the middle row for 2021-
2050 and the lower row for 2070-2099.                                                                                              167 
Figure 5.1.17A: Comparison of seasonal and annual means of bottom salinity [psu] for MPIOM 
run 215 for the base period 1970-1999 with climatological BHC means. The upper row shows 
averages model distributions, the middle row observed climatological means and the lower row 
the differences between the two data sets.                                                                                         168 
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Figure 5.1.18A: Comparison of seasonal and annual means of bottom salinity [psu] for MPIOM 
run 215 for the base period 1970-1999 with KNSC means. The upper row shows average model 
distributions, the middle row observed climatological means and the lower row the differences 
between the two data sets.                                                                                                                   169 
Figure 5.1.19A: Changes in seasonal and annual sea surface salinity [psu] for MPIOM run 215 
(A1B scenario run). Upper panel from (1970-1999) to (2021-2050) and lower panel from (1970-
1999) to (2070-2099).                                                                                                                           170 
Figure 5.1.20A: Changes in seasonal and annual bottom salinity [psu] for MPIOM run 215 (A1B 
scenario). Upper panel from (1970-1999) to (2021-2050) and lower panel from (1970-1999) to 
(2070-2099). The contour interval is 0.5 °C.                                                                                      171 
Figure 5.1.21A: Time series of seasonal and annual means of sea surface salinity [psu] for MPI-
OM run 215 (A1B scenario run) from 1920-2099. The salinities represent averages over the 
North Sea area given in Figure 4.1.                                                                                                    172 
Figure 5.1.22A: The mean annual cycle of sea surface salinity [psu] for MPIOM run 215 (A1B 
scenario run) for 1970-1999 (blue), 2021-2050 (green) and 2070-2099 (red). The means are repre-
senting averages over the North Sea area given in Figure 4.1. The error bars are indicating time 
variability.                                                                                                                                            173 
Figure 5.1.23A: Time series of seasonal and annual means of bottom salinity [psu] for MPIOM 
run 215 (A1B scenario run) from 1920-2099. The salinities represent averages over the North Sea 
area given in Figure 4.1.                                                                                                                      174 
Figure 5.1.24A: The mean annual cycle of bottom salinity [psu] for MPIOM run 215 (A1B sce-
nario run) for 1970-1999 (blue), 2021-2050 (green) and 2070-2099 (red). The means are repre-
senting averages over the North Sea area given in Figure 4.1. The error bars are indicating time 
variability.                                                                                                                                            175 
Figure 5.1.25A: Seasonal and annual means of sea surface height [m] for MPIOM run 215 (A1B 
scenario run). The upper row shows averages for the period 1970-1999, the middle row for 2021-
2050 and the lower row for 2070-2099.                                                                                              176 
Figure 5.1.26A: Changes in seasonal and annual sea surface height [m] for MPIOM run 215 
(A1B scenario run). Upper panel from (1970-1999) to (2021-2050) and in lower panel from (1970-
1999) to (2070-2099).                                                                                                                           177 
Figure 5.1.27A: Time series of seasonal and annual means of sea surface height [m] for MPIOM 
run 215 (A1B scenario run) from 1920-2099. The sea surface heights represent averages over the 
North Sea area given in Figure 4.1.                                                                                                    178 
Figure 5.1.28A: The mean annual cycle of sea surface height [m] for MPIOM run 215 (A1B sce-
nario run) 1970-1999 (blue), 2021-2050 (green) and 2070-2099 (red). The means are representing 
averages over the North Sea area given in Figure 4.1. The error bars are indicating time variabil-
ity.                                                                                                                                                          179 
Figure 5.2.1A:  Seasonal and annual means of sea surface temperature [°C] for HAMSOM run 
202 (A1B scenario run). The upper row shows averages for the period 1970-1999, the middle row 
for 2021-2050 and the lower row for 2070-2099.                                                                              180 
Figure 5.2.2A: Comparison of seasonal and annual means of sea surface temperature [°C] for 
HAMSOM run 202 for the base period 1970-1999 with BHC means. The upper row shows aver-
age model distributions, the middle row observed climatological means and the lower row the 
differences between the two data sets.                                                                                               181 
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Figure 5.2.3A: Comparison of seasonal and annual means of sea surface temperature [°C] for 
HAMSOM run 202 for the base period 1970-1999 with KNSC means. The upper row shows av-
erage model distributions, the middle row observed climatological means and the lower row the 
differences between the two data sets.                                                                                               182 
Figure 5.2.4A: Seasonal and annual means of bottom temperature [°C] for HAMSOM run 202 
(A1B scenario run). The upper row shows averages for the period 1970-1999, the middle row 
for 2021-2050 and the lower row for 2070-2099.                                                                              183 
Figure 5.2.5A: Comparison of seasonal and annual means of bottom temperature [°C] for HAM-
SOM run 202 for the base period 1970-1999 with BHC means. The upper row shows average 
model distributions, the middle row observed climatological means and the lower row the differ-
ences between the two data sets.                                                                                                         184 
Figure 5.2.6A: Comparison of seasonal and annual means of bottom temperature [°C] for HAM-
SOM run 202 for the base period 1970-1999 with KNSC means. The upper row shows average 
model distributions, the middle row observed climatological means and the lower row the differ-
ences between the two data sets.                                                                                                         185 
Figure 5.2.7A: Changes in seasonal and annual sea surface temperature [°C] for HAMSOM run 
202 (A1B scenario run). Upper panel from (1970-1999) to (2021-2050) and lower panel from 
(1970-1999) to (2070-2099).                                                                                                                 186 
Figure 5.2.8A: Changes in seasonal and annual bottom temperature [°C] for HAMSOM run 202 
(A1B scenario run). Upper panel from (1970-1999) to (2021-2050) and lower panel from (1970-
1999) to (2070-2099). The contour interval is 0.5 °C.                                                                       187 
Figure 5.2.9A: Time series of seasonal and annual means of sea surface temperature [°C] for 
HAMSOM run 202 (A1B scenario run) from 1950-2099. The temperatures represent averages 
over the North Sea area given in Figure 4.1.                                                                                     188 
Figure 5.2.10A: The mean annual cycle of sea surface temperatures [°C] for HAMSOM run 202 
(A1B scenario run) for 1970-1999 (blue), 2021-2050 (green) and 2070-2099 (red). The means are 
representing averages over the North Sea area given in Figure 4.1. The error bars are indicating 
time variability.                                                                                                                                    189 
Figure 5.2.11A: Time series of seasonal and annual means of bottom temperature [°C] for 
HAMSOM run 202 (A1B scenario run) from 1950-2099. The temperatures represent averages 
over the North Sea area given in Figure 4.1.                                                                                     190 
Figure 5.2.12A: The mean annual cycle of bottom temperatures [°C] for HAMSOM run 202 
(A1B scenario run) for 1970-1999 (blue), 2021-2050 (green) and 2070-2099 (red). The means are 
representing averages over the North Sea area given in Figure 4.1. The error bars are indicating 
time variability.                                                                                                                                    191 
Figure 5.2.13A: Seasonal and annual means of sea surface salinity [psu] for HAMSOM run 202 
(A1B scenario run). The upper row shows averages for the period 1970-1999, the middle row for 
2021-2050 and the lower row for 2070-2099.                                                                                    192 
Figure 5.2.14A: Comparison of seasonal and annual means of sea surface salinity [psu] for 
HAMSOM run 202 for the base period 1970-1999 with BHC means. The upper row shows aver-
age model distributions, the middle row observed climatological means and the lower row the 
differences between the two data sets.                                                                                               193 
Figure 5.2.15A: Comparison of seasonal and annual means of sea surface salinity [psu] for 
HAMSOM run 202 for the base period 1970-1999 with KNSC means. The upper row shows av-
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erage model distributions, the middle row observed climatological means and the lower row 
the differences between the two data sets.                                                                                         194 
Figure 5.2.16A: Seasonal and annual means of bottom salinity [psu] for HAMSOM run 202 (A1B 
scenario run). The upper row shows averages for the period 1970-1999, the middle row for 2021-
2050 and the lower row for 2070-2099.                                                                                              195 
Figure 5.2.17A: Comparison of seasonal and annual means of bottom salinity [psu] for HAM-
SOM run 202 for the base period 1970-1999 with BHC means. The upper row shows average 
model distributions, the middle row observed climatological means and the lower row the differ-
ences between the two data sets.                                                                                                         196 
Figure 5.2.18A: Comparison of seasonal and annual means of bottom salinity [psu] for HAM-
SOM run 202 for the base period 1970-1999 with KNSC means. The upper row shows average 
model distributions, the middle row observed climatological means and the lower row the differ-
ences between the two data sets.                                                                                                         197 
Figure 5.2.19A: Changes in seasonal and annual sea surface salinity [psu] for HAMSOM run 
202 (A1B scenario run). Upper panel from (1970-1999) to (2021-2050) and lower panel from 
(1970-1999) to (2070-2099).                                                                                                                 198 
Figure 5.2.20A: Changes in seasonal and annual bottom salinity [psu] for HAMSOM run 202 
(A1B scenario run). Upper panel from (1970-1999) to (2021-2050) and lower panel from (1970-
1999) to (2070-2099). The contour interval is 0.5 °C.                                                                       199 
Figure 5.2.21A: Time series of seasonal and annual means of sea surface salinity [psu] for HAM-
SOM run 202 (A1B scenario run) from 1950-2099. The salinities represent averages over the 
North Sea area given in Figure 4.1.                                                                                                    200 
Figure 5.2.22A: The mean annual cycle of sea surface salinity [psu] for HAMSOM run 202 
(A1B scenario run) for 1970-1999, 2021-2050 and 2070-2099. The means are representing 
averages over the North Sea area given in Figure 4.1. The error bars are indicating time 
variability.                                                                                                                                            201 
Figure 5.2.23A: Time series of seasonal and annual means of bottom salinity [psu] for HAMSOM 
run 202 (A1B scenario run) from 1950-2099. The salinities represent averages over the North 
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Figure 5.2.24A: The mean annual cycle of bottom salinity [psu] for HAMSOM run 202 (A1B 
scenario run) for 1970-1999, 2021-2050 and 2070-2099. The means are representing averages 
over the North Sea area given in Figure 4.1. The error bars are indicating time variability.     203 
Figure 5.2.25A: Seasonal and annual means of sea surface height [m] for HAMSOM run 202 
(A1B scenario run). The upper row shows averages for the period 1970-1999, the middle row 
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Figure 5.2.26A: Changes in seasonal and annual sea surface height [m] for HAMSOM run 202 
(A1B scenario run). Upper panel from (1970-1999) to (2021-2050) and lower panel from (1970-
1999) to (2070-2099).                                                                                                                           205 
Figure 5.2.27A: Time series of seasonal and annual means of sea surface height [m] for HAM-
SOM run 202 (A1B scenario run) from 1950-2099. The sea surface heights represent averages 
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Figure 5.2.28A: The mean annual cycle of sea surface height [m] for HAMSOM run 202 (A1B 
scenario run) 1970-1999 (blue), 2021-2050 (green) and 2070-2099 (red). The means are represent-
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ing averages over the North Sea area given in Figure 4.1. The error bars are indicating time 
variability.                                                                                                                                            207 
Figure 5.3.1A: Seasonal and annual means of sea surface temperature [°C] for NEMO-Nordic 
run 470 (A1B scenario run). The upper row shows averages for the period 1970-1999, the middle 
row for 2021-2050 and the lower row for 2070-2099.                                                                       208 
Figure 5.3.2A: Comparison of seasonal and annual means of sea surface temperature [°C] for 
NEMO-Nordic run 470 for the base period 1970-1999 with BHC means. The upper row shows 
average model distributions, the middle row observed climatological means and the lower row 
the differences between the two data sets.                                                                                         209 
Figure 5.3.3A: Comparison of seasonal and annual means of sea surface temperature [°C] for 
NEMO-Nordic run 470 for the base period 1970-1999 with KNSC means. The upper row shows 
average model distributions, the middle row observed climatological means and the lower row 
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the differences between the two data sets.                                                                                         212 
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Figure 5.3.7A: Changes in seasonal and annual sea surface temperature [°C] for NEMO-Nordic 
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470 (A1B scenario run). Upper panel from (1970-1999) to (2021-2050) and lower panel from 
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Figure 5.3.9A: Time series of seasonal and annual means of sea surface temperature [°C] for 
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Figure 5.3.10A: The mean annual cycle of sea surface temperatures [°C] for NEMO-Nordic run 
470 (A1B scenario run) for 1970-1999 (blue), 2021-2050 (green) and 2070-2099 (red). The means 
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(A1B scenario run) for 1970-1999, 2021-2050 and 2070-2099. The means are representing aver-
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Figure 5.3.13A:  Seasonal and annual means of sea surface salinity [psu] for NEMO-Nordic run 
470 (A1B scenario run). The upper row shows averages for the period 1970-1999, the middle row 
for 2021-2050 and the lower row for 2070-2099.                                                                              220 
Figure 5.3.14A: Comparison of seasonal and annual means of sea surface salinity [psu] for 
NEMO-Nordic run 470 for the base period 1970-1999 with BHC means. The upper row shows 
average model distributions, the middle row observed climatological means and the lower row 
the differences between the two data sets.                                                                                         221 
Figure 5.3.15A: Comparison of seasonal and annual means of sea surface salinity [psu] for 
NEMO-Nordic run 470 for the base period 1970-1999 with KNSC means. The upper row shows 
average model distributions, the middle row observed climatological means and the lower row 
the differences between the two data sets.                                                                                         222 
Figure 5.3.16A:  Seasonal and annual means of bottom salinity [psu] for NEMO-Nordic run 470 
(A1B scenario run). The upper row shows averages for the period 1970-1999, the middle row for 
2021-2050 and the lower row for 2070-2099.                                                                                    223 
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Nordic run 470 for the base period 1970-1999 with BHC means. The upper row shows average 
model distributions, the middle row observed climatological means and the lower row the differ-
ences between the two data sets.                                                                                                         224 
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Nordic run 470 for the base period 1970-1999 with KNSC means. The upper row shows average 
model distributions, the middle row observed climatological means and the lower row the differ-
ences between the two data sets.                                                                                                         225 
Figure 5.3.19A: Changes in seasonal and annual sea surface salinity [psu] for NEMO-Nordic run 
470 (A1B scenario run). Upper panel from (1970-1999) to (2021-2050) and lower panel from 
(1970-1999) to (2070-2099).                                                                                                                 226 
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(A1B scenario run). Upper panel from (1970-1999) to (2021-2050) and lower panel from (1970-
1999) to (2070-2099).                                                                                                                           227 
Figure 5.3.21A: Time series of seasonal and annual means of sea surface salinity [psu] for 
NEMO-Nordic run 470 (A1B scenario run) from 1970-2099. The salinities represent averages 
over the North Sea area given in Figure 4.1.                                                                                     228 
Figure 5.3.22A: The mean annual cycle of sea surface salinity [psu] for NEMO-Nordic run 470 
(A1B scenario run) for 1970-1999, 2021-2050 and 2070-2099. The means are representing aver-
ages over the North Sea area given in Figure 4.1.                                                                            229 
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Figure 5.3.24A: The mean annual cycle of bottom salinity [psu] for NEMO-Nordic run 470 (A1B 
scenario run) for 1970-1999, 2021-2050 and 2070-2099. The means are representing averages 
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Figure 5.3.25A:  Seasonal and annual means of sea surface height [m] for NEMO-Nordic run 470 
(A1B scenario run). The upper row shows averages for the period 1970-1999, the middle row for 
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Figure 5.3.26A: Changes in seasonal and annual sea surface height [m] for NEMO-Nordic run 
470 (A1B scenario run). Upper panel from (1970-1999) to (2021-2050) and lower panel from 
(1970-1999) to (2070-2099).                                                                                                                 233 
Figure 5.3.27A: Time series of seasonal and annual means of sea surface height [m] for NEMO-
Nordic  run 470 (A1B scenario run) from 1970-2099. The sea surface heights represent averages 
over the North Sea area given in Figure 4.1.                                                                                     234 
Figure 5.3.28A: The mean annual cycle of sea surface height [m] for NEMO-Nordic run 470 
(A1B scenario run) for 1970-1999, 2021-2050 and 2070-2099. The means are representing aver-
ages over the North Sea area given in Figure 4.1.                                                                            235 
Figure 5.4.1A: Seasonal and annual means of sea surface temperature [°C] for the period 1970-
1999. Upper row MPIOM run 215, middle row HAMSOM run 202 and lower row NEMO-
Nordic run 470 (all A1B scenario).                                                                                                   236 
Figure 5.4.2A: Seasonal and annual means of sea surface temperature [°C] for the period 2021-
2050. Upper row MPIOM run 215, middle row HAMSOM run 202 and lower row NEMO-
Nordic run 470 (all A1B scenario).                                                                                                    237 
Figure 5.4.3A: Seasonal and annual means of sea surface temperature [°C] for the period 2070-
2050. Upper row MPIOM run 215, middle row HAMSOM run 202 and lower row NEMO-
Nordic run 470 (all A1B scenario).                                                                                                    238 
Figure 5.4.4A: Seasonal and annual means of bottom temperature [°C] for the period 1970-1999. 
Upper row MPIOM run 215, middle row HAMSOM run 202 and lower row NEMO-Nordic run 
470 (all A1B scenario).                                                                                                                       239 
Figure 5.4.5A: Seasonal and annual means of bottom temperature [°C] for the period 2021-2050. 
Upper row MPIOM run 215, middle row HAMSOM run 202 and lower row NEMO-Nordic run 
470 (all A1B scenario).                                                                                                                        240 
Figure 5.4.6A: Seasonal and annual means of bottom temperature [°C] for the period 2070-2050. 
Upper row MPIOM run 215, middle row HAMSOM run 202 and lower row NEMO-Nordic run 
470 (all A1B scenario).                                                                                                                        241 
Figure 5.4.7A: Changes in seasonal and annual means of sea surface temperature [°C] from 
(1970-1999) to (2021-2050). Upper row MPIOM run 215, middle row HAMSOM run 202 and 
lower row NEMO-Nordic run 470 (all A1B scenario).                                                                    242 
Figure 5.4.8A: Changes in seasonal and annual means of sea surface temperature [°C] from 
(1970-1999) to (2070-2099). Upper row MPIOM run 215, middle row HAMSOM run 202 and 
lower row NEMO-Nordic run 470 (all A1B scenario).                                                                    243 
Figure 5.4.9A: Changes in seasonal and annual means of bottom temperature [°C] from (1970-
1999) to (2021-2050). Upper row MPIOM run 215, middle row HAMSOM run 202 and lower 
row NEMO-Nordic run 470 (all A1B scenario).                                                                               244 
Figure 5.4.10A: Changes in seasonal and annual means of bottom temperature [°C] from (1970-
1999) to (2070-2099). Upper row MPIOM run 215, middle row HAMSOM run 202 and lower 
row NEMO-Nordic run 470 (all A1B scenario).                                                                              245 
Figure 5.4.11A: Time series of seasonal and annual means of sea surface temperature [°C] for 
MPIOM run 215, HAMSOM run 202 and NEMO-Nordic run 470. The temperatures represent 
averages over the North Sea area given in Figure 4.1.                                                                     246 
Figure 5.4.12A: left: mean annual cycle of sea surface temperatures [°C] for 1970-1990 for MPI-
OM run 215, HAMSOM run 202 and NEMO-Nordic run 470. Right: differences in mean annual 
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cycle to the averaging period 1970-1999, 2021-2050 as dotted line and 2070-2099 as dashed line. 
The means are representing averages over the North Sea area given in Figure 4.1.                    247 
Figure 5.4.13A: Time series of seasonal and annual means of bottom temperature [°C] for MPI-
OM run 215, HAMSOM run 202 and NEMO-Nordic run 470. The temperatures represent aver-
ages over the North Sea area given in Figure 4.1.                                                                            248 
Figure 5.4.14A: left: mean annual cycle of bottom temperatures [°C] for 1970-1990 for MPIOM 
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cycle to the averaging period 1970-1999, 2021-2050 as dotted line and 2070-2099 as dashed line. 
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Figure 5.4.15A: Seasonal and annual means of sea surface salinity [psu] for the period 1970-
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cycle to the averaging period 1970-1999, 2021-2050 as dotted line and 2070-2099 as dashed 
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Figure 5.4.35A: left: mean annual cycle of sea surface height [m] for 1970-1990 for MPIOM run 
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10 Appendix 1: Figures from the validation analysis in chapter 4 
 
Figure 4.1.1A: The mean annual cycle of sea surface temperatures [°C] for MPIOM run 253 (blue), HAMSOM 201 (green), NEMO-Nordic run 477 (red), BSH 
observations (cyan) and the KNSC (ICDC, black) over the time period 1986-1999. The means are representing averages over the North Sea area. 
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Figure 4.1.2A: Difference of the mean annual cycle of sea surface temperatures between KNSC for the time period 1986-1999 and modelled data [°C]: MPIOM 
run 253 (blue), HAMSOM 201 (green), NEMO-Nordic run 477 (red), BSH observations (cyan). The means are representing averages over the North Sea area. 
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Figure 4.1.3A: The mean annual cycle of sea surface temperatures [°C] for NEMO-Nordic run 477 (red), KNSC (ICDC, black), BSH observations (cyan), BHC 
(yellow), NCEP (green) and ERA40 (blue) over the time period 1971 till 2000. The means are representing averages over the North Sea area. 
 
Coupled Ocean 
Atmosphere 
Models 
 
BSH 
DWD 
IfM Hamburg 
MPI Hamburg 
SMHI 
AWI 
 
 Seite 96 
 
 
Figure 4.1.4A: Difference of the mean annual cycle of the sea surface temperatures between KNSC for the time period 1971-2000 and modelled data [°C]: 
NEMO-Nordic run 477 (red), BSH observations (cyan), BHC (yellow), NCEP (green), ERA40 (blue). The means are representing averages over the North Sea 
area. 
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Figure 4.1.5A: The mean annual cycle of bottom temperatures [°C]: MPIOM run 253 1986-1999 (blue), HAMSOM run 201 1986-1999 (green), NEMO-Nordic 
run 477 1986-1999 (red), NEMO-Nordic run 477 1971-2000 (magenta), BHC 1971-2000 (black). The means are representing averages over the North Sea area. 
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Figure 4.1.6A: Difference of the mean annual cycle of the bottom temperatures between BHC 1971-2000 and modelled data [°C]: MPIOM run 253 1986-1999 
(blue), HAMSOM run 201 1986-1999 (green), NEMO-Nordic run 477 1986-1999 (red), NEMO-Nordic run 477 1971-2000 (magenta). The means are represent-
ing averages over the North Sea area. 
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Figure 4.2.1A: The mean annual cycle of sea surface salinity [psu] for MPIOM run 253 (blue), HAMSOM 201 (green), NEMO-Nordic run 477 (red) and KNSC 
(black) over the time period 1986-1999. The means are representing averages over the North Sea area. 
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Figure 4.2.2A: Difference of the mean annual cycle of sea surface salinity [psu] between KNSC for the time period 1986-1999 and modelled data: MPIOM run 
253 (blue), HAMSOM 201 (green), and NEMO-Nordic run 477 (red). The means are representing averages over the North Sea area. 
 
 
Coupled Ocean 
Atmosphere 
Models 
 
BSH 
DWD 
IfM Hamburg 
MPI Hamburg 
SMHI 
AWI 
 
Seite 101 
 
Figure 4.2.3A: The mean annual cycle of sea surface salinity [psu] for NEMO-Nordic run 477 (red), KNSC (black), BHC (yellow) over the time period 1971 till 
2000. The means are representing averages over the North Sea area. 
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Figure 4.2.4A: Difference of the mean annual cycle of the sea surface salinity [psu] between KNSC for the time period 1971-2000 and modelled data: NEMO-
Nordic run 477 (red), BHC (yellow). The means are representing averages over the North Sea area. 
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Figure 4.2.5A: The mean annual cycle of bottom salinity [psu] for MPIOM run 253 1986-1999 (blue), HAMSOM 1986-1999 (green), NEMO-Nordic run 477 
1986-1999 (red), NEMO-Nordic run 477 1971-2000 (magenta), BHC (black). The means are representing averages over the North Sea area. 
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Figure 4.2.6A: Difference of the mean annual cycle of the sea surface salinity [psu] between BHC for the time period 1971-2000 and modelled data:  MPIOM 
run 253 1986-1999 (blue), HAMSOM 1986-1999 (green), NEMO-Nordic run 477 1986-1999 (red), NEMO-Nordic run 477 1971-2000 (magenta). The means are 
representing averages over the North Sea area. 
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Figure 4.3.1A: Seasonal and annual means of sea surface temperature [°C] from BHC (upper row) and KNSC (ICDC, middle row) for the period 1971-2000 
and their differences (lower row).  
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Figure 4.3.2A: Seasonal and annual means of sea surface salinity [psu] from BHC (upper row) and KNSC (ICDC, middle row) for the period 1971-2000 and 
their differences (lower row).  
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Figure 4.3.3A: Seasonal and annual means of sea surface temperature [°C] averaged over the period 1986-1999. The mean SST results from MPIOM (run 253) 
are presented in the upper row, in the middle row from HAMSOM (run 201) and in the lower row from NEMO-Nordic (run 477). 
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Figure 4.3.4A: Differences of modelled seasonal and annual means of sea surface temperature [°C] averaged over the period 1986-1999 to the KNSC: MPIOM 
(run 253, upper row), HAMSOM (run 201, middle row) and NEMO-Nordic (run 477, lower row). 
 
 
 
Coupled Ocean 
Atmosphere 
Models 
 
BSH 
DWD 
IfM Hamburg 
MPI Hamburg 
SMHI 
AWI 
 
Seite 109 
Atmosphere 
Models 
 
BSH 
DWD 
IfM Hamburg 
MPI Hamburg 
SMHI 
AWI 
 
Figure 4.3.5A: Differences of modelled seasonal and annual means of sea surface temperature [°C] averaged over the period 1986-1999 to the BHC (1971-
2000): MPIOM (run 253, upper row), HAMSOM (run 201, middle row) and from NEMO-Nordic (run 477, lower row). 
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Figure 4.3.6A: Seasonal and annual means of sea surface salinity [psu] averaged over the period 1986-1999. The mean sea surface salinity results from MPI-
OM (run 253) are presented in the upper row, in the middle row from HAMSOM (run 201) and in the lower row from NEMO-Nordic (run 477). 
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Figure 4.3.7A: Differences of modelled seasonal and annual means of sea surface salinity [psu] averaged over the period 1986-1999 to the KNSC: MPIOM (run 
253, upper row), HAMSOM (run 201, middle row) from NEMO-Nordic (run 477, lower row). 
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Figure 4.3.8A: Differences of modelled seasonal and annual means of sea surface salinity [psu]  (1986-1999) to the BHC (1971-2000): MPIOM (run 253, upper 
row), HAMSOM (run 201, middle row) and from NEMO-Nordic (run 477, lower row). 
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Figure 4.3.9A: Seasonal and annual means of sea surface temperature [°C] averaged over the period 1986-1999:  The means of sea surface temperature result 
from MPIOM (run 253) are presented in the upper row,  in the middle KNSC (ICDC) and in the lower row the difference between the model results and the 
KNSC. 
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Figure 4.3.10A: Seasonal and annual means of sea surface temperature [°C]: The means of sea surface temperature result from MPIOM (run 253) averaged 
over the period 1986-1999  are presented in the upper row, in the middle from the BHC averaged over the period 1971-2000  and in the lower row the differ-
ence between model results and the climatology. 
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Figure 4.3.11A: Seasonal and annual means of sea surface temperature [°C] averaged over the period 1986-1999:  The mean sea surface temperatures from 
HAMSOM (run 201) are presented in the upper row, in the middle the mean sea surface temperatures from the KNSC and in the lower row the difference 
between the model results and the climatology. 
 
Coupled Ocean 
Atmosphere 
Models 
 
BSH 
DWD 
IfM Hamburg 
MPI Hamburg 
SMHI 
AWI 
 
 Seite 116 
 
 
Figure 4.3.12A: Seasonal and annual means of sea surface temperature [°C]: The mean sea surface temperatures from HAMSOM (run 201) averaged over the 
period 1986-1999 are presented in the upper row, in the middle the mean surface temperatures from the BHC averaged over the period 1971-2000  and in the 
lower row the difference between the model results and the climatology. 
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Figure 4.3.13A: Seasonal and annual means of sea surface temperature [°C] averaged over the period 1986-1999: The mean sea surface results from NEMO-
Nordic (run 477) are presented in the upper row, in the middle the mean surface temperatures from the KNSC and in the lower row the difference between the 
model results and the climatology. 
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Figure 4.3.14A: Seasonal and annual means of sea surface temperature [°C] averaged over the period 1971-2000:  The mean sea surface temperature results 
from NEMO-Nordic (run 477) are presented in the upper row, in the middle the mean surface temperature from the BHC and in the lower row the difference 
between the model results and the climatology. 
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Figure 4.3.15A: Seasonal and annual means of sea surface salinity [psu] averaged over the period 1986-1999:  The mean surface salinity results from MPIOM 
(run 253) are presented in the upper row, in the middle the mean surface salinity from the KNSC and in the lower row the difference between the model re-
sults and the climatology. 
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Figure 4.3.16A: Seasonal and annual means of sea surface salinity [psu]: The mean sea surface salinity results from MPIOM (run 253) averaged over the peri-
od 1986-1999 are presented in the upper row, in the middle the mean surface salinity from the BHC averaged over the period 1971-2000 and in the lower row 
the difference between the model results and the climatology. 
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Figure 4.3.17A: Seasonal and annual means of sea surface salinity [psu] averaged over the period 1986-1999: The mean surface salinity results from HAM-
SOM (run 201) are presented in the upper row, in the middle the mean surface salinity from the KNSC and in the lower row the difference between the model 
results and the climatology. 
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Figure 4.3.18A: Seasonal and annual means of sea surface salinity [psu]: The mean sea surface salinity from HAMSOM (run 201) averaged over the period 
1986-1999 are presented in the upper row, in the middle the mean surface salinity from the BHC averaged over the period 1971-2000 and in the lower row the 
difference between the model results and the climatology. 
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Figure 4.3.19A: Seasonal and annual means of sea surface salinity [psu] averaged over the period 1986-1999:  The mean surface salinity from NEMO-Nordic 
(run 477) are presented in the upper row, in the middle the mean surface salinity from the KNSC and in the lower row the difference between the model re-
sults and the climatology. 
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Figure 4.3.20A: Seasonal and annual means of sea surface salinity [psu] averaged over the period 1971-2000:  The mean surface salinity from NEMO-Nordic 
(run 477) are presented in the upper row, in the middle the mean surface salinity from the BHC and in the lower row the difference between the model results 
and the climatology. 
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Figure 4.3.21A: Seasonal and annual means of bottom temperature [°C] averaged over the period 1986-1999:  The mean bottom temperature results from 
MPIOM (run 253) are presented in the upper row, in the middle row from HAMSOM (run 201) and in the lower row from the NEMO-Nordic (run 477) over 
the time period 1970-1999. 
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Figure 4.3.22A: Differences of modelled seasonal and annual means of bottom temperature [°C] averaged over the period 1986-1999 to the BHC (1971-2000): 
MPIOM (run 253) in the upper row, HAMSOM (run 201) in the middle row and in the lower row NEMO-Nordic (run 477) over the time period 1970-1999. 
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Figure 4.3.23A: Seasonal and annual means of bottom salinity [psu] averaged over the period 1986-1999: The mean bottom salinity results from MPIOM (run 
253) are presented in the upper row, in the middle row from HAMSOM (run 201) and in the lower row from NEMO-Nordic (run 477) over the time period 
1970-1999. 
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Figure 4.3.24A: Differences of modelled seasonal and annual means of bottom salinity [psu] averaged over the period 1986-1999 to the BHC (1971-2000): 
MPIOM (run 253) in the upper row, HAMSOM (run 201) in the middle row and NEMO-Nordic (run 477) in the lower row over the time period 1970-1999. 
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Figure 4.3.25A: Seasonal and annual means of bottom temperature [°C]: The mean bottom temperature results from MPIOM (run 253) averaged over the 
period 1986-1999 are presented in the upper row, in the middle the mean bottom temperature from the BHC averaged over the period 1971-2000  and in the 
lower row difference between the model results and the climatology. 
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Figure 4.3.26A: Seasonal and annual means of bottom temperature [°C]: The mean bottom temperatures from HAMSOM (run 201) averaged over the period 
1986-1999 are presented in the upper row, in the middle row the mean bottom temperature from the BHC averaged over the period 1971-2000 and in the low-
er row the difference between the model results and the climatology. 
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Figure 4.3.27A: Seasonal and annual means of bottom temperature [°C] averaged over the period 1971-2000: The mean bottom temperature results from 
NEMO-Nordic (run 477) are presented in the upper row, in the middle the bottom temperature from the BHC and in the lower row the difference between the 
model results and the climatology. 
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Figure 4.3.28A: Seasonal and annual means of bottom salinity [psu]: The mean bottom salinity from MPIOM (run 253) averaged over the period 1986-1999 
are presented in the upper row, in the middle the mean bottom salinity from the BHC averaged over the period 1971-2000  and in the lower row the difference 
between the model results and the climatology. 
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Figure 4.3.29A: Seasonal and annual means of bottom salinity [psu]: The mean bottom salinity results from HAMSOM (run 201) averaged over the period 
1986-1999 are presented in the upper row, in the middle row the mean bottom salinity from the BHC averaged over the period 1971-2000 and in the lower row 
the difference between the model results and the climatology. 
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Figure 4.3.30A: Seasonal and annual means of bottom salinity [psu] averaged over the period 1971-2000:  The mean bottom salinity results from NEMO-
Nordic (run 477) are presented in the upper row, in the middle row the mean bottom salinity from the BHC and in the lower row the difference between the 
model results and the climatology. 
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Ve rtic a l distribution of te mpe ra ture  a nd sa linity a long  56°N a nd 58°N 
 
 
Figure 4.4.1A: The mean February temperature [°C] from the KNSC climatology for the time period 1986-1999 is presented for transect along 56°N left and 
along 58°N (right). Bottom: The mean February salinity [psu] from the KNSC climatology for the time period 1986-1999 is presented for transect along 56°N 
(left) and along 58°N (right).  Figure 4.4.3 will present transect along 58°N to a depth of -400 m. 
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Figure 4.4.2A: The mean August temperature [°C] from the KNSC climatology for the time period 1986-1999 is presented for transect along 56°N left and 
along 58°N (right). Bottom: The mean August salinity [psu] from the KNSC climatology for the time period 1986-1999 is presented for transect along 56°N 
(left) and along 58°N (right). Figure 4.4.4 will present transect along 58°N to a depth of -400 m. 
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Figure 4.4.3A: The mean February temperature [°C] from the KNSC climatology for the time period 1986-1999 is presented for transect along 56°N left and 
along 58°N depth to 400 m (right). Bottom: The mean February salinity [psu] from the KNSC climatology for the time period 1986-1999 is presented for tran-
sect along 56°N (left) and along 58°N depth to 400 m (right). 
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Figure 4.4.4A: The mean August temperature [°C] from the KNSC climatology for the time period 1986-1999 is presented for transect along 56°N left and 
along 58°N depth to 400 m (right). Bottom: The mean August salinity [psu] from the KNSC climatology for the time period 1986-1999 is presented for transect 
along 56°N (left) and along 58°N depth to 400 m (right). 
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Figure 4.4.5A: The mean February temperature [°C] for the time period 1986-1999 is presented for transect along 56°N. Mean simulated temperature by 
MPIOM, HAMSOM and NEMO-Nordic (from top to bottom) is presented on the left hand side and on the right hand side the difference between each model 
result and the temperature from the KNSC climatology. 
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Figure 4.4.6A: The mean February salinity [psu] for the time period 1986-1999 is presented for transect along 56°N. Mean simulated salinity by MPIOM, 
HAMSOM and NEMO-Nordic (from top to bottom) is presented on the left hand side and on the right hand side the difference between each model result and 
the temperature from the KNSC climatology. 
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Figure 4.4.7A: The mean August temperature [°C] for the time period 1986-1999 is presented for transect along 56°N. Mean simulated temperature by MPI-
OM, HAMSOM and NEMO-Nordic (from top to bottom) is presented on the left hand side and on the right hand side the difference between each model re-
sult and the temperature from the KNSC climatology. 
 
Coupled Ocean 
Atmosphere 
Models 
 
BSH 
DWD 
IfM Hamburg 
MPI Hamburg 
SMHI 
AWI 
 
 Seite 142 
 
 
Figure 4.4.8A: The mean August salinity [psu] for the time period 1986-1999 is presented for transect along 56°N. Mean simulated salinity by MPIOM, HAM-
SOM and NEMO-Nordic (from top to bottom) is presented on the left hand side and on the right hand side the difference between each model result and the 
temperature from the KNSC climatology. 
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Figure 4.4.9A: The mean February temperature [°C] for the time period 1986-1999 is presented for transect along 58°N. Mean simulated temperature by 
MPIOM, HAMSOM and NEMO-Nordic (from top to bottom) is presented on the left hand side and on the right hand side the difference between each model 
result and the temperature from the KNSC climatology. Figure 4.4.13 will present transect along 58°N to a depth of -400 m. 
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Figure 4.4.10A: The mean February salinity [psu] for the time period 1986-1999 is presented for transect along 58°N. Mean simulated salinity by MPIOM, 
HAMSOM and NEMO-Nordic (from top to bottom) is presented on the left hand side and on the right hand side the difference between each model result and 
the temperature from the KNSC climatology. Figure 4.4.14 will present transect along 58°N to a depth of -400 m. 
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Figure 4.4.11A: The mean August temperature [°C] for the time period 1986-1999 is presented for transect along 58°N. Mean simulated temperature by MPI-
OM, HAMSOM and NEMO-Nordic (from top to bottom) is presented on the left hand side and on the right hand side the difference between each model re-
sult and the temperature from the KNSC climatology. Figure 4.4.15 will present transect along 58°N to a depth of -400 m. 
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Figure 4.4.12A: The mean August salinity [psu] for the time period 1986-1999 is presented for transect along 58°N. Mean simulated salinity by MPIOM, 
HAMSOM and NEMO-Nordic (from top to bottom) is presented on the left hand side and on the right hand side the difference between each model result and 
the temperature from the KNSC climatology. Figure 4.4.16 will present transect along 58°N to a depth of -400 m. 
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Figure 4.4.13A: The mean February temperature [°C] for the time period 1986-1999 is presented for transect along 58°N. Mean simulated temperature by 
MPIOM, HAMSOM and NEMO-Nordic (from top to bottom) is presented on the left hand side and on the right hand side the difference between each model 
result and the temperature from the KNSC climatology. 
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Figure 4.4.14A: The mean February salinity [psu] for the time period 1986-1999 is presented for transect along 58°N. Mean simulated salinity by MPIOM, 
HAMSOM and NEMO-Nordic (from top to bottom) is presented on the left hand side and on the right hand side the difference between each model result and 
the temperature from the KNSC climatology. 
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Figure 4.4.15A: The mean August temperature [°C] for the time period 1986-1999 is presented for transect along 58°N. Mean simulated temperature by MPI-
OM, HAMSOM and NEMO-Nordic (from top to bottom) is presented on the left hand side and on the right hand side the difference between each model re-
sult and the temperature from the KNSC climatology. 
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Figure 4.4.16A: The mean August salinity [psu] for the time period 1986-1999 is presented for transect along 58°N. Mean simulated salinity by MPIOM, 
HAMSOM and NEMO-Nordic (from top to bottom) is presented on the left hand side and on the right hand side the difference between each model result and 
the temperature from the KNSC climatology. 
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11 Ap p e nd ix 2: Fig ure s fro m the  SRES A1B simula tio ns in c ha p te r 5 
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Figure 5.1.1A: Seasonal and annual means of sea surface temperature [°C] for MPIOM run 215 (A1B scenario run). The upper row shows averages for the 
period 1970-1999, the middle row for 2021-2050 and the lower row for 2070-2099. 
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Figure 5.1.2A: Comparison of seasonal and annual means of sea surface temperature [°C] for MPIOM run 215 for the base period 1970-1999 with climatologi-
cal means from the BHC. The upper row shows average model distributions, the middle row observed climatological means  and the lower row difference be-
tween the model results and the climatology. 
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Figure 5.1.3A: Comparison of seasonal and annual means of sea surface temperature [°C] for MPIOM run 215 for the base period 1970-1999 with climatologi-
cal means from the KNSC. The upper row shows average model distributions, the middle row observed climatological means and the lower row difference 
between the model results and the climatology. 
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Figure 5.1.4A: Seasonal and annual means of bottom temperature [°C] for MPIOM run 215 (A1B scenario run). The upper row shows averages for the period 
1970-1999, the middle row for 2021-2050 and the lower row for 2070-2099.  
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Figure 5.1.5A: Comparison of seasonal and annual means of bottom temperature [°C] for MPIOM run 215 for the base period 1970-1999 with BHC means. 
The upper row shows average model distributions, the middle row observed climatological means and the lower row the difference between the model results 
and the climatology. 
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Figure 5.1.6A: Comparison of seasonal and annual means of bottom temperature [°C] for MPIOM run 215 for the base period 1970-1999 with KNSC means. 
The upper row shows average model distributions, the middle row observed climatological means and the lower row the difference between the model results 
and the climatology. 
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Figure 5.1.7A: Changes in seasonal and annual sea surface temperature [°C] for MPIOM run 215 (A1B scenario run). Upper panel from (1970-1999) to (2021-
2050) and lower panel from (1970-1999) to (2070-2099). The contour interval is 0.5 °C. Selected isolines have been labelled for better orientation. 
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Figure 5.1.8A: Changes in seasonal and annual bottom temperature [°C] for MPIOM run 215 (A1B scenario run). Upper panel from (1970-1999) to (2021-
2050) and lower panel from (1970-1999) to (2070-2099). The contour interval is 0.5 °C. Selected isolines have been labelled for better orientation. 
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Figure 5.1.9A: Time series of seasonal and annual means of sea surface temperature [°C] for MPIOM run 215 (A1B scenario run) from 1920-2099. The tem-
peratures represent averages over the North Sea area given in Figure 4.1.  
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Figure 5.1.10A: The mean annual cycle of sea surface temperatures [°C] for MPIOM run 215 (A1B scenario run) for 1970-1999 (blue), 2021-2050 (green) and 
2070-2099 (red). The means are representing averages over the North Sea area given in Figure 4.1. The error bars are indicating time variability.  
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Figure 5.1.11A: Time series of seasonal and annual means of bottom temperature [°C] for MPIOM run 215 (A1B scenario run) from 1920-2099. The tempera-
tures represent averages over the North Sea area given in Figure 4.1. 
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Figure 5.1.12A: The mean annual cycle of bottom temperatures [°C] for MPIOM run 215 (A1B scenario) 1970-1999 (blue), 2021-2050 (green) and 2070-2099 
(red). The means are representing averages over the North Sea area given in Figure 4.1. The error bars are indicating time variability.  
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Figure 5.1.13A: Seasonal and annual means of sea surface salinity [psu] for MPIOM run 215 (A1B scenario run). The upper row shows averages for the period 
1970-1999, the middle row for 2021-2050 and the lower row for 2070-2099. 
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Figure 5.1.14A: Comparison of seasonal and annual means of sea surface salinity [psu] for MPIOM run 215 for the base period 1970-1999 with climatological 
means from the BHC. The upper row shows average model distributions, the middle row observed climatological means and the lower row the difference be-
tween the model results and the climatology. 
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Figure 5.1.15A: Comparison of seasonal and annual means of sea surface salinity [psu] for MPIOM run 215 for the base period 1970-1999 with KNSC means. 
The upper row shows average model distributions, the middle row observed climatological means and the lower row the difference between the model results 
and the climatology. 
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Figure 5.1.16A: Seasonal and annual means of bottom salinity [psu] for MPIOM run 215 (A1B scenario run). The upper row shows averages for the period 
1970-1999, the middle row for 2021-2050 and the lower row for 2070-2099. 
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Figure 5.1.17A: Comparison of seasonal and annual means of bottom salinity [psu] for MPIOM run 215 for the base period 1970-1999 with BHC means. The 
upper period shows average model distributions, the middle row observational means and the lower row the difference between the model results and the cli-
matology. 
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Figure 5.1.18A: Comparison of seasonal and annual means of bottom salinity [psu] for MPIOM run 215 for the base period 1970-1999 with KNSC means. The 
upper row shows average model distributions, the middle row observed climatological means and the lower row the difference between the model results and 
the climatology. 
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Figure 5.1.19A: Changes in seasonal and annual sea surface salinity [psu] for MPIOM run 215 (A1B scenario run). Upper panel from (1970-1999) to (2021-
2050) and lower panel from (1970-1999) to (2070-2099). The contour interval is 0.25 psu. Selected isolines have been labelled for better orientation. 
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Figure 5.1.20A: Changes in seasonal and annual bottom salinity [psu] for MPIOM run 215 (A1B scenario run). Upper panel from (1970-1999) to (2021-2050) 
and lower panel from (1970-1999) to (2070-2099). The contour interval is 0.5 °C. Selected isolines have been labelled for better orientation. 
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Figure 5.1.21A: Time series of seasonal and annual means of sea surface salinity [psu] for MPIOM run 215 (A1B scenario run) from 1920-2099. The salinities 
represent averages over the North Sea area given in Figure 4.1. 
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Figure 5.1.22A: The mean annual cycle of sea surface salinity [psu] for MPIOM run 215 (A1B scenario run) for 1970-1999 (blue), 2021-2050 (green) and 2070-
2099 (red). The means are representing averages over the North Sea area given in Figure 4.1. The error bars are indicating time variability.  
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Figure 5.1.23A: Time series of seasonal and annual means of bottom salinity [psu] for MPIOM run 215 (A1B scenario run) from 1920-2099. The salinities rep-
resent averages over the North Sea area given in Figure 4.1. 
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Figure 5.1.24A: The mean annual cycle of bottom salinity [psu] for MPIOM run 215 (A1B scenario run) for 1970-1999 (blue), 2021-2050 (green) and 2070-2099 
(red). The means are representing averages over the North Sea area given in Figure 4.1. The error bars are indicating time variability.  
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Figure 5.1.25A: Seasonal and annual means of sea surface height [m] for MPIOM run 215 (A1B scenario run). The upper row shows averages for the period 
1970-1999, the middle row for 2021-2050 and the lower row for 2070-2099. 
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Figure 5.1.26A: Changes in seasonal and annual sea surface height [m] for MPIOM run 215 (A1B scenario run). Upper panel from (1970-1999) to (2021-2050) 
and in lower panel from (1970-1999) to (2070-2099). The contour interval is 0.02 m. Selected isolines have been labelled for better orientation. 
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Figure 5.1.27A: Time series of seasonal and annual means of sea surface height [m] for MPIOM run 215 (A1B scenario run) from 1920-2099. The sea surface 
heights represent averages over the North Sea area given in Figure 4.1. 
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Figure 5.1.28A: The mean annual cycle of sea surface height [m] for MPIOM run 215 (A1B scenario run) 1970-1999 (blue), 2021-2050 (green) and 2070-2099 
(red). The means are representing averages over the North Sea area given in Figure 4.1. The error bars are indicating time variability.  
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Figure 5.2.1A: Seasonal and annual means of sea surface temperature [°C] for HAMSOM run 202 (A1B scenario run). The upper row shows averages for the 
period 1970-1999, the middle row for 2021-2050 and the lower row for 2070-2099. 
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Figure 5.2.2A: Comparison of seasonal and annual means of sea surface temperature [°C] for HAMSOM run 202 for the base period 1970-1999 with BHC 
means. The upper row shows average model distributions, the middle row observed climatological means and the lower row the difference between the model 
results and the climatology. 
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Figure 5.2.3A: Comparison of seasonal and annual means of sea surface temperature [°C] for HAMSOM run 202 for the base period 1970-1999 with KNSC 
means. The upper row shows average model distributions, the middle row observed climatological means and the lower row the difference between the model 
results and the climatology. 
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Figure 5.2.4A: Seasonal and annual means of bottom temperature [°C] for HAMSOM run 202 (A1B scenario run). The upper row shows averages for the 
period 1970-1999, the middle row for 2021-2050 and the lower row for 2070-2099. 
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Figure 5.2.5A: Comparison of seasonal and annual means of bottom temperature [°C] for HAMSOM run 202 for the base period 1970-1999 with BHC means. 
The upper row shows average model distributions, the middle row observed climatological means and the lower row the difference between the model results 
and the climatology. 
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Figure 5.2.6A: Comparison of seasonal and annual means of bottom temperature [°C] for HAMSOM run 202 for the base period 1970-1999 with KNSC 
means. The upper row shows average model distributions, the middle row observed climatological means and the lower row the difference between the model 
results and the climatology. 
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Figure 5.2.7A: Changes in seasonal and annual sea surface temperature [°C] for HAMSOM run 202 (A1B scenario run). Upper panel from (1970-1999) to 
(2021-2050) and lower panel from (1970-1999) to (2070-2099). The contour interval is 0.5 °C. Selected isolines have been labelled for better orientation. 
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Figure 5.2.8A: Changes in seasonal and annual bottom temperature [°C] for HAMSOM run 202 (A1B scenario run). Upper panel from (1970-1999) to (2021-
2050) and lower panel from (1970-1999) to (2070-2099). The contour interval is 0.5 °C. Selected isolines have been labelled for better orientation. 
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Figure 5.2.9A: Time series of seasonal and annual means of sea surface temperature [°C] for HAMSOM run 202 (A1B scenario run) from 1950-2099. The 
temperatures represent averages over the North Sea area given in Figure 4.1. 
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Figure 5.2.10A: The mean annual cycle of sea surface temperatures [°C] for HAMSOM run 202 (A1B scenario run) for 1970-1999 (blue), 2021-2050 (green) 
and 2070-2099 (red). The means are representing averages over the North Sea area given in Figure 4.1. The error bars are indicating time variability.  
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Figure 5.2.11A: Time series of seasonal and annual means of bottom temperature [°C] for HAMSOM run 202 (A1B scenario run) from 1950-2099. The tem-
peratures represent averages over the North Sea area given in Figure 4.1. 
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Figure 5.2.12A: The mean annual cycle of bottom temperatures [°C] for HAMSOM run 202 (A1B scenario run) for 1970-1999 (blue), 2021-2050 (green) and 
2070-2099 (red). The means are representing averages over the North Sea area given in Figure 4.1. The error bars are indicating time variability.  
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Figure 5.2.13A:  Seasonal and annual means of sea surface salinity [psu] for HAMSOM run 202 (A1B scenario run). The upper row shows averages for the 
period 1970-1999, the middle row for 2021-2050 and the lower row for 2070-2099. 
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Figure 5.2.14A: Comparison of seasonal and annual means of sea surface salinity [psu] for HAMSOM run 202 for the base period 1970-1999 with BHC  
means. The upper row shows average model distributions, the middle row observed climatological means and the lower row the difference between the model 
results and the climatology. 
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Figure 5.2.15A: Comparison of seasonal and annual means of sea surface salinity [psu] for HAMSOM run 202 for the base period 1970-1999 with KNSC 
means. The upper row shows average model distributions, the middle row observed climatological means and the lower row the difference between the model 
results and the climatology. 
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Figure 5.2.16A: Seasonal and annual means of bottom salinity [psu] for HAMSOM run 202 (A1B scenario run). The upper row shows averages for the period 
1970-1999, the middle row for 2021-2050 and the lower row for 2070-2099. 
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Figure 5.2.17A: Comparison of seasonal and annual means of bottom salinity [psu] for HAMSOM run 202 for the base period 1970-1999 with BHC means. 
The upper row shows average model distributions, the middle row observed climatological means and the lower row the difference between the model results 
and the climatology. 
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Figure 5.2.18A: Comparison of seasonal and annual means of bottom salinity [psu] for HAMSOM run 202 for the base period 1970-1999 with KNSC means. 
The upper row shows average model distributions, the middle row observed climatological means and the lower row the difference between the model results 
and the climatology. 
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Figure 5.2.19A: Changes in seasonal and annual sea surface salinity [psu] for HAMSOM run 202 (A1B scenario run). Upper panel from (1970-1999) to (2021-
2050) and lower panel from (1970-1999) to (2070-2099). The contour interval is 0.25 psu. Selected isolines have been labelled for better orientation. 
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Figure 5.2.20A: Changes in seasonal and annual bottom salinity [psu] for HAMSOM run 202 (A1B scenario run). Upper panel from (1970-1999) to (2021-
2050) and lower panel from (1970-1999) to (2070-2099). The contour interval is 0.5 °C. Selected isolines have been labelled for better orientation. 
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Figure 5.2.21A: Time series of seasonal and annual means of sea surface salinity [psu] for HAMSOM run 202 (A1B scenario run) from 1950-2099. The salini-
ties represent averages over the North Sea area given in Figure 4.1. 
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Figure 5.2.22A: The mean annual cycle of sea surface salinity [psu] for HAMSOM run 202 (A1B scenario run) for 1970-1999 (blue), 2021-2050 (green) and 
2070-2099 (red). The means are representing averages over the North Sea area given in Figure 4.1. The error bars are indicating time variability.  
 
Coupled Ocean 
Atmosphere 
Models 
 
BSH 
DWD 
IfM Hamburg 
MPI Hamburg 
SMHI 
AWI 
 
 Seite 202 
 
 
Figure 5.2.23A: Time series of seasonal and annual means of bottom salinity [psu] for HAMSOM run 202 (A1B scenario run) from 1950-2099. The salinities 
represent averages over the North Sea area given in Figure 4.1. 
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Figure 5.2.24A: The mean annual cycle of bottom salinity [psu] for HAMSOM run 202 (A1B scenario run) for 1970-1999 (blue), 2021-2050 (green) and 2070-
2099 (red). The means are representing averages over the North Sea area given in Figure 4.1. The error bars are indicating time variability.  
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Figure 5.2.25A: Seasonal and annual means of sea surface height [m] for HAMSOM run 202 (A1B scenario run). The upper row shows averages for the period 
1970-1999, the middle row for 2021-2050 and the lower row for 2070-2099. 
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Figure 5.2.26A: Changes in seasonal and annual sea surface height [m] for HAMSOM run 202 (A1B scenario run). Upper panel from (1970-1999) to (2021-
2050) and lower panel from (1970-1999) to (2070-2099). The contour interval is 0.02 m. Selected isolines have been labelled for better orientation. 
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Figure 5.2.27A: Time series of seasonal and annual means of sea surface height [m] for HAMSOM run 202 (A1B scenario run) from 1950-2099. The sea sur-
face heights represent averages over the North Sea area given in Figure 4.1. 
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Figure 5.2.28A: The mean annual cycle of sea surface height [m] for HAMSOM run 202 (A1B scenario run) 1970-1999 (blue), 2021-2050 (green) and 2070-
2099 (red). The means are representing averages over the North Sea area given in Figure 4.1. The error bars are indicating time variability.  
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Figure 5.3.1A: Seasonal and annual means of sea surface temperature [°C] for NEMO-Nordic run 470 (A1B scenario run). The upper row shows averages for 
the period 1970-1999, the middle row for 2021-2050 and the lower row for 2070-2099. 
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Figure 5.3.2A: Comparison of seasonal and annual means of sea surface temperature [°C] for NEMO-Nordic run 470 for the base period 1970-1999 with BHC 
means. The upper row shows average model distributions, the middle row observed  climatological means and in the lower row the difference between the 
model results and the climatology.  
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Figure 5.3.3A: Comparison of seasonal and annual means of sea surface temperature [°C] for NEMO-Nordic run 470 for the base period 1970-1999 with 
KNSC means. The upper row shows average model distributions, the middle row observed climatological means and the lower row the difference between the 
model results and the climatology. 
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Figure 5.3.4A: Seasonal and annual means of bottom temperature [°C] for NEMO-Nordic run 470 (A1B scenario run). The upper row shows averages for the 
period 1970-1999, the middle row for 2021-2050 and the lower row for 2070-2099.  
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Figure 5.3.5A: Comparison of seasonal and annual means of bottom temperature [°C] for NEMO-Nordic run 470 for the base period 1970-1999 with BHC 
means. The upper row shows average model distributions, the middle row observed climatological means and the lower row the difference between the model 
results and the climatology. 
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Figure 5.3.6A: Comparison of seasonal and annual means of bottom temperature [°C] for NEMO-Nordic run 470 for the base period 1970-1999 with KNSC 
means. The upper row shows average model results, the middle row observed climatological means and the lower row the difference between the model results 
and the climatology. 
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Figure 5.3.7A: Changes in seasonal and annual sea surface temperature [°C] for NEMO-Nordic run 470 (A1B scenario run). Upper panel from (1970-1999) to 
(2021-2050) and lower panel from (1970-1999) to (2070-2099). The contour interval is 0.5 °C. Selected isolines have been labelled for better orientation. 
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Figure 5.3.8A: Changes in seasonal and annual bottom temperature [°C] for NEMO-Nordic run 470 (A1B scenario run). Upper panel from (1970-1999) to 
(2021-2050) and lower panel from (1970-1999) to (2070-2099). The contour interval is 0.5 °C. Selected isolines have been labelled for better orientation. 
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Figure 5.3.9A: Time series of seasonal and annual means of sea surface temperature [°C] for NEMO-Nordic run 470 (A1B scenario run) from 1970-2099. The 
temperatures represent averages over the North Sea area given in Figure 4.1. 
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Figure 5.3.10A: The mean annual cycle of sea surface temperatures [°C] for NEMO-Nordic run 470 (A1B scenario run) for 1970-1999 (blue), 2021-2050 
(green) and 2070-2099 (red). The means are representing averages over the North Sea area given in Figure 4.1.  
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Figure 5.3.11A: Time series of seasonal and annual means of bottom temperature [°C] for NEMO-Nordic run 470 (A1B scenario run) from 1970-2099. The 
temperatures represent averages over the North Sea area given in Figure 4.1. 
Coupled Ocean 
Atmosphere 
Models 
 
BSH 
DWD 
IfM Hamburg
MPI Hamburg
SMHI 
AWI 
 
Seite 219 
 
Figure 5.3.12A: The mean annual cycle of bottom temperatures [°C] for NEMO-Nordic run 470 (A1B scenario run) for 1970-1999 (blue), 2021-2050 (green) 
and 2070-2099 (red). The means are representing averages over the North Sea area given in Figure 4.1.   
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Figure 5.3.13A: Seasonal and annual means of sea surface salinity [psu] for NEMO-Nordic run 470 (A1B scenario run). The upper row shows averages for the 
period 1970-1999, the middle row for 2021-2050 and the lower row for 2070-2099. 
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Figure 5.3.14A: Comparison of seasonal and annual means of sea surface salinity [psu] for NEMO-Nordic run 470 for the base period 1970-1999 with BHC 
means. The upper row shows average model distributions, the middle row observed climatological means and the lower row the difference between the model 
results and the climatology. 
 
Coupled Ocean 
Atmosphere 
Models 
 
BSH 
DWD 
IfM Hamburg 
MPI Hamburg 
SMHI 
AWI 
 
 Seite 222 
 
 
Figure 5.3.15A: Comparison of seasonal and annual means of sea surface salinity [psu] for NEMO-Nordic run 470 for the base period 1970-1999 with KNSC 
means. The upper row shows average model distributions, the middle row observed climatological means and the lower row the difference between the model 
results and the climatology. 
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Figure 5.3.16A: Seasonal and annual means of bottom salinity [psu] for NEMO-Nordic run 470 (A1B scenario run). The upper row shows averages for the 
period 1970-1999, the middle row for 2021-2050 and the lower row for 2070-2099. 
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Figure 5.3.17A: Comparison of seasonal and annual means of bottom salinity [psu] for NEMO-Nordic run 470 for the base period 1970-1999 with BHC means. 
The upper row shows average model distributions, the middle row observed climatological means and the lower row the difference between the model results 
and the climatology. 
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Figure 5.3.18A: Comparison of seasonal and annual means of bottom salinity [psu] for NEMO-Nordic run 470 for the base period 1970-1999 with KNSC 
means. The upper row shows average model results, the middle row observed climatological means and the lower row the difference between the model results 
and the climatology. 
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Figure 5.3.19A: Changes in seasonal and annual sea surface salinity [psu] for NEMO-Nordic run 470 (A1B scenario run). Upper panel from (1970-1999) to 
(2021-2050) and lower panel  from (1970-1999) to (2070-2099). The contour interval is 0.25 psu. Selected isolines have been labelled for better orientation. 
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Figure 5.3.20A: Changes in seasonal and annual bottom salinity [psu] for NEMO-Nordic run 470 (A1B scenario run). Upper panel from (1970-1999) to (2021-
2050) and lower panel  from (1970-1999) to (2070-2099). The contour interval is 0.5 °C. Selected isolines have been labelled for better orientation. 
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Figure 5.3.21A: Time series of seasonal and annual means of sea surface salinity [psu] for NEMO-Nordic run 470 (A1B scenario run) from 1970-2099. The 
salinities represent averages over the North Sea area given in Figure 4.1. 
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Figure 5.3.22A: The mean annual cycle of sea surface salinity [psu] for NEMO-Nordic run 470 (A1B scenario run) for 1970-1999 (blue), 2021-2050 (green) and 
2070-2099 (red). The means are representing averages over the North Sea area given in Figure 4.1. 
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Figure 5.3.23A: Time series of seasonal and annual means of bottom salinity [psu] for NEMO-Nordic run 470 (A1B scenario run) from 1970-2099. The salini-
ties represent averages over the North Sea area given in Figure 4.1. 
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Figure 5.3.24A: The mean annual cycle of bottom salinity [psu] for NEMO-Nordic run 470 (A1B scenario run) for 1970-1999 (blue), 2021-2050 (green) and 
2070-2099 (red). The means are representing averages over the North Sea area given in Figure 4.1.   
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Figure 5.3.25A:  Seasonal and annual means of sea surface height [m] for NEMO-Nordic run 470 (A1B scenario run). The upper row shows averages for the 
period 1970-1999, the middle row for 2021-2050 and the lower row for 2070-2099. 
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Figure 5.3.26A: Changes in seasonal and annual sea surface height [m] for NEMO-Nordic run 470 (A1B scenario run). Upper panel from (1970-1999) to (2021-
2050) and lower panel from (1970-1999) to (2070-2099). The contour interval is 0.02 m. Selected isolines have been labelled for better orientation. 
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Figure 5.3.27A: Time series of seasonal and annual means of sea surface height [m] for NEMO-Nordic run 470 (A1B scenario run) from 1970-2099. The sea 
surface heights represent averages over the North Sea area given in Figure 4.1. 
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Figure 5.3.28A: The mean annual cycle of sea surface height [m] for NEMO-Nordic run 470 (A1B scenario run) for 1970-1999 (blue), 2021-2050 (green) and 
2070-2099 (red). The means are representing averages over the North Sea area given in Figure 4.1.   
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Figure 5.4.1A: Seasonal and annual means of sea surface temperature [°C] for the period 1970-1999. Upper row MPIOM run 215, middle row HAMSOM run 
202 and lower row NEMO-Nordic run 470 (all A1B scenario). 
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Figure 5.4.2A: Seasonal and annual means of sea surface temperature [°C] for the period 2021-2050. Upper row MPIOM run 215, middle row HAMSOM run 
202 and lower row NEMO-Nordic run 470 (all A1B scenario). 
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Figure 5.4.3A: Seasonal and annual means of sea surface temperature [°C] for the period 2070-2050. Upper row MPIOM run 215, middle row HAMSOM run 
202 and lower row NEMO-Nordic run 470 (all A1B scenario). 
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Figure 5.4.4A: Seasonal and annual means of bottom temperature [°C] for the period 1970-1999. Upper row MPIOM run 215, middle row HAMSOM run 202 
and lower row NEMO-Nordic run 470 (all A1B scenario). 
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Figure 5.4.5A: Seasonal and annual means of bottom temperature [°C] for the period 2021-2050. Upper row MPIOM run 215, middle row HAMSOM run 202 
and lower row NEMO-Nordic run 470 (all A1B scenario). 
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Figure 5.4.6A: Seasonal and annual means of bottom temperature [°C] for the period 2070-2050. Upper row MPIOM run 215, middle row HAMSOM run 202 
and lower row NEMO-Nordic run 470 (all A1B scenario). 
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Figure 5.4.7A: Changes in seasonal and annual means of sea surface temperature [°C] from (1970-1999) to (2021-2050). Upper row MPIOM run 215, middle 
row HAMSOM run 202 and lower row NEMO-Nordic run 470 (all A1B scenario). Selected isolines have been labelled for better orientation, contour interval 
is 0.5 °C. 
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Figure 5.4.8A: Changes in seasonal and annual means of sea surface temperature [°C] from (1970-1999) to (2070-2099). Upper row MPIOM run 215, middle 
row HAMSOM run 202 and lower row NEMO-Nordic run 470 (all A1B scenario). Selected isolines have been labelled for better orientation, contour interval 
is 0.5 °C. 
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Figure 5.4.9A: Changes in seasonal and annual means of bottom temperature [°C] from (1970-1999) to (2021-2050). Upper row MPIOM run 215, middle row 
HAMSOM run 202 and lower row NEMO-Nordic run 470 (all A1B scenario). Selected isolines have been labelled for better orientation, contour interval is 0.5 
°C. 
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Figure 5.4.10A: Changes in seasonal and annual means of bottom temperature [°C] from (1970-1999) to (2070-2099). Upper row MPIOM run 215, middle row 
HAMSOM run 202 and lower row NEMO-Nordic run 470 (all A1B scenario). Selected isolines have been labelled for better orientation, contour interval is 0.5 
°C. 
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Figure 5.4.11A: Time series of seasonal and annual means of sea surface temperature [°C] for MPIOM run 215 (blue), HAMSOM run 202 (green) and NEMO-
Nordic run 470 (magenta). The temperatures represent averages over the North Sea area given in Figure 4.1. Upper row annual means, lower rows seasonal 
means.  
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Figure 5.4.12A: left: mean annual cycle of sea surface temperatures [°C] for 1970-1990 for MPIOM run 215 (blue), HAMSOM run 202 (green) and NEMO-
Nordic run 470 (blue). Right: differences in mean annual cycle to the averaging period 1970-1999, 2021-2050 as dotted line and 2070-2099 as dashed line. The 
means are representing averages over the North Sea area given in Figure 4.1. 
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Figure 5.4.13A: Time series of seasonal and annual means of bottom temperature [°C] for MPIOM run 215 (blue), HAMSOM run 202 (green) and NEMO-
Nordic run 470 (magenta). The temperatures represent averages over the North Sea area given in Figure 4.1. Upper row annual means, lower rows seasonal 
means.  
Coupled Ocean 
Atmosphere 
Models 
 
BSH 
DWD 
IfM Hamburg
MPI Hamburg
SMHI 
AWI 
 
Seite 249 
 
Figure 5.4.14A: left: mean annual cycle of bottom temperatures [°C] for 1970-1990 for MPIOM run 215 (blue), HAMSOM run 202 (green) and NEMO-Nordic 
run 470 (blue). Right: differences in mean annual cycle to the averaging period 1970-1999, 2021-2050 as dotted line and 2070-2099 as dashed line. The means 
are representing averages over the North Sea area given in Figure 4.1. 
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Figure 5.4.15A: Seasonal and annual means of sea surface salinity [psu] for the period 1970-1999. Upper row MPIOM run 215, middle row HAMSOM run 202 
and lower row NEMO-Nordic run 470 (all A1B scenario). 
Coupled Ocean 
Atmosphere 
Models 
 
BSH 
DWD 
IfM Hamburg
MPI Hamburg
SMHI 
AWI 
 
Seite 251 
 
Figure 5.4.16A: Seasonal and annual means of sea surface salinity [psu] for the period 2021-2050. Upper row MPIOM run 215, middle row HAMSOM run 202 
and lower row NEMO-Nordic run 470 (all A1B scenario). 
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Figure 5.4.17A: Seasonal and annual means of sea surface salinity [psu] for the period 2070-2050. Upper row MPIOM run 215, middle row HAMSOM run 202 
and lower row NEMO-Nordic run 470 (all A1B scenario). 
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Figure 5.4.18A: Seasonal and annual means of bottom salinity [psu] for the period 1970-1999. Upper row MPIOM run 215, middle row HAMSOM run 202 
and lower row NEMO-Nordic run 470 (all A1B scenario). 
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Figure 5.4.19A: Seasonal and annual means of bottom salinity [psu] for the period 2021-2050. Upper row MPIOM run 215, middle row HAMSOM run 202 
and lower row NEMO-Nordic run 470 (all A1B scenario). 
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Figure 5.4.20A: Seasonal and annual means of bottom salinity [psu] for the period 2070-2099. Upper row MPIOM run 215, middle row HAMSOM run 202 
and lower row NEMO-Nordic run 470 (all A1B scenario). 
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Figure 5.4.21A: Changes in seasonal and annual means of sea surface salinity [psu] from (1970-1999) to (2021-2050). Upper row MPIOM run 215, middle row 
HAMSOM run 202 and lower row NEMO-Nordic run 470 (all A1B scenario). Selected isolines have been labelled for better orientation, contour interval is 
0.25 psu. 
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Figure 5.4.22A: Changes in seasonal and annual means of sea surface salinity [psu] from (1970-1999) to (2070-2099). Upper row MPIOM run 215, middle row 
HAMSOM run 202 and lower row NEMO-Nordic run 470 (all A1B scenario). Selected isolines have been labelled for better orientation, contour interval is 
0.25 psu. 
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Figure 5.4.23A: Changes in seasonal and annual means of bottom salinity [psu] from (1970-1999) to (2021-2050). Upper row MPIOM run 215, middle row 
HAMSOM run 202 and lower row NEMO-Nordic run 470 (all A1B scenario).  Selected isolines have been labelled for better orientation, contour interval is 
0.25 psu. 
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Figure 5.4.24A: Changes in seasonal and annual means of bottom salinity [psu] from (1970-1999) to (2070-2099). Upper row MPIOM run 215, middle row 
HAMSOM run 202 and lower row NEMO-Nordic run 470 (all A1B scenario). Selected isolines have been labelled for better orientation, contour interval is 
0.25 psu. 
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Figure 5.4.25A: Time series of seasonal and annual means of sea surface salinity [psu] for MPIOM run 215 (blue), HAMSOM run 202 (green) and NEMO-
Nordic run 470 (magenta). The salinities represent averages over the North Sea area given in Figure 4.1. Upper row annual means, lower rows seasonal means.  
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Figure 5.4.26A: left: mean annual cycle of sea surface salinity [psu] for 1970-1990 for MPIOM run 215 (blue), HAMSOM run 202 (green) and NEMO-Nordic 
run 470 (blue). Right: differences in mean annual cycle to the averaging period 1970-1999, 2021-2050 as dotted line and 2070-2099 as dashed line. The means 
are representing averages over the North Sea area given in Figure 4.1. 
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Figure 5.4.27A: Time series of seasonal and annual means of bottom salinity [psu] for MPIOM run 215 (blue), HAMSOM run 202 (green) and NEMO-Nordic 
run 470 (magenta). The salinities represent averages over the North Sea area given in Figure 4.1. Upper row annual means, lower rows seasonal means.  
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Figure 5.4.28A: left: mean annual cycle of bottom salinity [psu] for 1970-1990 for MPIOM run 215 (blue), HAMSOM run 202 (green) and NEMO-Nordic run 
470 (blue). Right: differences in mean annual cycle to the averaging period 1970-1999, 2021-2050 as dotted line and 2070-2099 as dashed line. The means are 
representing averages over the North Sea area given in Figure 4.1. 
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Figure 5.4.29A: Seasonal and annual means of sea surface height [m] for the period 1970-1999. Upper row MPIOM run 215, middle row HAMSOM run 202 
and lower row NEMO-Nordic run 470 (all A1B scenario). 
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Figure 5.4.30A: Seasonal and annual means of sea surface height [m] for the period 2021-2050. Upper row MPIOM run 215, middle row HAMSOM run 202 
and lower row NEMO-Nordic run 470 (all A1B scenario). 
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Figure 5.4.31A: Seasonal and annual means of sea surface height [m] for the period 2070-2099. Upper row MPIOM run 215, middle row HAMSOM run 202 
and lower row NEMO-Nordic run 470 (all A1B scenario). 
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Figure 5.4.32A: Changes in seasonal and annual means of sea surface height [m] from (1970-1999) to (2021-2050). Upper row MPIOM run 215, middle row 
HAMSOM run 202 and lower row NEMO-Nordic run 470 (all A1B scenario). Selected isolines have been labelled for better orientation, contour interval is 
0.02 m. 
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Figure 5.4.33A: Changes in seasonal and annual means of sea surface height [m] from (1970-1999) to (2070-2099). Upper row MPIOM run 215, middle row 
HAMSOM run 202 and lower row NEMO-Nordic run 470 (all A1B scenario).  Selected isolines have been labelled for better orientation, contour interval is 
0.02 m. 
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Figure 5.4.34A: Time series of seasonal and annual means of sea surface height [m] for MPIOM run 215 (blue), HAMSOM run 202 (green) and NEMO-Nordic 
run 470 (magenta). The sea surface heights represent averages over the North Sea area given in Figure 4.1. Upper row annual means, lower rows seasonal 
means.  
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Figure 5.4.35A: left: mean annual cycle of sea surface height [m] for 1970-1990 for MPIOM run 215 (blue), HAMSOM run 202 (green) and NEMO-Nordic run 
470 (blue). Right: differences in mean annual cycle to the averaging period 1970-1999, 2021-2050 as dotted line and 2070-2099 as dashed line. The means are 
representing averages over the North Sea area given in Figure 4.1. 
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